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Studies of HIV testing among Emergency Department (ED), inpatient, and urgent care patients shows the prevalence of previously undiagnosed HIV through routinely offered and targeted testing ranges from 2.0% to 4.0%. 5, [10] [11] [12] [13] [14] [15] None of these studies directly compared characteristics of people tested and outcomes of testing across different clinical sites. This information may help develop and refine HIV testing strategies within a hospital system, with the eventual goal of maximizing resource allocation in terms of numbers of HIV cases detected in relation to the availability of personnel time and cost.
The goals of this analysis were to compare across multiple sites within a single hospital system: (1) HIV test results, and patient demographics and behavioral risks and (2) the cost per HIV test conducted and HIV infection diagnosed.
METHODS

Study setting
Boston Medical Center (BMC) is a 547-bed academic affiliate of Boston University (BU). Approximately 50% of BMC patients are uninsured or have Medicaid. In 2004, there were approximately 28,000 hospital admissions, 55,000 outpatient primary care visits, 29,000 urgent care visits, 97,000 adult ED visits, and 28,000 pediatric ED visits.
This analysis examines counselor-based, voluntary opt-in HIV testing from January 2002 through December 2004 in five sites: the Urgent Care Center (UCC), the Drop-In Center, inpatient floors, the primary care clinic (PCC), and the ED. Patients in the UCC, inpatient, and PCC were offered confidential testing; patients in the Drop-In Center were offered anonymous or confidential testing; and patients in the ED were offered only anonymous testing. HIV counseling and testing in all sites but the ED was funded under a contract with the Massachusetts Department of Public Health (MDPH). Excluding the ED, testing was conducted Monday through Friday from 8:30 a.m. to 5 p.m. by six full-time counselors. HIV testing was offered in the ED from November 2003 to May 2004, as part of a research study approved by the BU Medical Center Institutional Review Board, evaluating routinely recommended HIV and sexually transmitted disease (STD) testing. 16 Two full-time counselors provided testing Monday through Friday from 10 a.m. to 12 a.m. in the adult ED, and one full-time counselor provided testing from 10 a.m. to 10 p.m. in the pediatric ED. Counselors approached and offered HIV testing to English-and Spanish-speaking ED patients aged 15 to 54 systematically, by going from bed to bed in a consecutive manner. Testing was offered routinely based on age, language, and order of approach; risk was not assessed prior to offering testing. ED patients who reported their HIV status to be positive were not tested.
The Drop-In Center is a non-clinical site where clients are self-referred for HIV testing. There is no pre-screening of risk; all clients are offered testing. Intake ends one hour prior to the center's closing time. Individuals who present after intake hours end are asked to return at another time. In the UCC, a hierarchical screening method was employed due to the high volume of patients. Patients were approached in examination rooms after triage and the counselors monitored the examination room board to first identify patients who presented with (in descending order of priority): infectious diseases, fever, drug or alcohol use, incarceration, STD-related complaint, or homelessness. On the inpatient floors, patients were approached in their rooms and there were also physician referrals. A hierarchical approach was not applied on inpatient floors and testing was offered prior to risk assessment. In the outpatient PCC, patients were tested mostly by physician referral. HIV testing in the UCC, Drop-In Center, inpatient floors, and PCC occurred among patients aged 15 years and older with no upper age limit. 
HIV testing
Programmatic costs
The goal of the programmatic cost comparison across sites was to determine the relative rather than the actual costs. To determine the cost of the programs relative to each other, rather than the actual costs, we estimated the personnel costs per specimen tested and per previously unreported HIV infected person detected. This cost comparison provides an understanding of the costs associated with personnel effort and the prevalence of HIV-positive tests. Throughout the medical center, including the ED, HIV counseling and testing supplies and specimen processing were provided by the MDPH at no charge. Therefore, material costs are not included in the programmatic costs estimation. (1) to have an annual salary of $35,000 (current starting salary for HIV counselors) multiplied by an institutional fringe benefit rate of 27%, and (2) to work five days a week for 47 weeks (holidays plus sick days 5 five weeks). ). Among all patients tested, 59% of patients were male, the median age was 36 years, 39% were black, 23% were white, 19% were Hispanic, and 8% were Haitian (Table 1) . HIV prevalence was similar in the UCC (1.5%), Drop-In Center (1.5%), inpatient floors (1.4%), and PCC (1.2%), and lower in the ED (0.6%).
Data collection and analysis
The proportion of male clients HIV tested was lowest in the ED (45%), while men comprised more than 60% of clients tested in the UCC and Drop-In Center. A greater proportion of ED and UCC patients were black, and a greater proportion of Drop-In Center and inpatient floor clients were white. Almost 60% of clients undergoing HIV testing on the inpatient floors were aged $40 years, compared with 32.8% in the UCC, 31.5% in the Drop-In Center, and 40.6% in the PCC. Behavioral risks were more prevalent among UCC and Drop-In Center patients (Table 2) . Patients tested at the Drop-In Center were more likely to report same-sex intercourse, injection drug use, or sex with an HIV-positive person than patients at any other testing venue. Patients tested in the UCC were more likely to report sex under the influence of drugs or alcohol, or a history of STD in the past three years. (Table 4) .
DISCUSSION
We found a high prevalence (.1%) of HIV among patients accepting voluntary testing in four out of five sites within our medical center. Self-reported risk varied considerably by site. The costs per HIV test conducted and HIV-positive test result were lowest in the UCC. The cost per HIV test was highest at the Drop-In Center, which had the lowest number of tests per eight-hour shift. The cost per HIV-positive test result was highest in the ED, which had the lowest HIV prevalence. These results are supported by a recent analysis comparing the cost-effectiveness of targeted testing to CDC's recommendations for mass testing. 18 Targeted testing was more cost-effective through greater number of infections detected and more transmissions prevented. 18 This analysis also took into account the trade-off in saved time and resources for opt-out testing compared with the potential reductions in transmissions through targeted risk assessment and counseling, and found that targeted counseling and testing were more costeffective, even when the HIV prevalence was as low as 0.3%. 18 Our comparison of HIV testing in multiple sites within a single medical center allows for a discussion of certain advantages and disadvantages of targeted and universal HIV testing. The detection of all cases of HIV infection would require routine HIV testing of all patients, as CDC recommends. To facilitate this, CDC has suggested eliminating pretest counseling and separate written consent. 3 While these process modifications should mitigate several logistical barriers, it remains to be seen whether they will be sufficient to permit routine HIV testing in high-volume settings.
In our medical center, inpatient and outpatient volume far exceed counselor resources (e.g., UCC volume is approximately 80 patients daily, with one to two counselors offering testing in this area). We propose that in an opt-out approach with no risk assessment or pretest counseling, person-time would still be required, at minimum (1) to inform patients they will be tested for HIV, (2) for specimen collection and processing, (3) for delivering test results, (4) for documentation, and (5) if this process took only a few minutes per person, a clinician-delivered program (i.e., nurses or physicians) is likely to be time-and cost-prohibitive. Thus, in our medical center, while we detected an HIV prevalence higher than 1% in all the testing sites except for the ED, it is not possible to offer testing to all patients due to the large volume of patients cared for and limited current resources. Opt-out HIV screening for all patients in all clinical sites has not been conducted or evaluated in many clinical sites, including our own. A comprehensive programmatic evaluation would need to measure at each clinical site: numbers of patients declining optout testing, reasons for refusing, patient preferences for pretest counseling, counselor time involved in specimen collection and processing, documentation, delivering results, and patient outcomes (follow-up with linkage to care). This information would quantify, and give descriptive value to, the effectiveness of CDC recommendations for HIV testing in medical settings. Additionally, as Girardi et al. report, while opt-out pretest counseling increased HIV testing volume in their medical center, the number of new infections detected remained constant compared with the period of targeted testing before, thus suggesting that optout testing may facilitate HIV testing among low-risk patients.
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Limitations Results of the analysis were limited by data collected through the MDPH HIV Counseling and Testing Data Collection form. This analysis does not produce a true measure of HIV prevalence, because data represent the number of tests conducted rather than the number of individuals, and therefore are likely to include some patients who were tested more than once. There is evidence to suggest that patients who undergo repeat HIV testing are at higher risk for HIV infection. 20, 21 In this case, our data would overestimate the prevalence of high-risk behaviors. We excluded from analysis individuals who reported their previous HIV test results as positive, but there may have been patients with previous HIV-positive test results who did not report it. Use of various HIV diagnostic tests may have introduced bias into the HIV prevalence detected. Demographic and behavioral risk information of people who were not offered testing (selection bias) or who declined testing (volunteer bias) may have differed from those who accepted HIV testing, which would affect our observed prevalence and associations. Given the mixture of confidential and anonymous testing, we cannot calculate the proportion of patients who entered into HIV primary care, an important aspect in evaluating program success.
Our cost analysis is limited because these data were collected for programmatic purposes. As such, we did not have data points that would have allowed a more detailed cost analysis. We estimated programmatic costs using a standardized FTEE salary for HIV counselors and did not account for material costs. Also, HIV testing for patients aged 15 to 54 in the ED was coupled with STD testing for patients aged 15 to 29. Seven hundred fifty-four (53%) ED patients were offered STD testing, and 546 (38%) were tested. Our simplified cost analysis does not take into account the extra time spent offering and testing for STDs. The person-time this took away from conducting additional HIV tests led to an overestimation of the cost per HIV test. However, even if twice as many HIV-positive test results had been detected, HIV testing in the ED would still have the greatest cost per HIV-positive test result ($4,862). We do not have measures of the personnel time spent in follow-up activities for HIV-positive people, nor were we able to calculate the cost per HIV-positive person entered into care. The current analysis highlights the The number of eight-hour shifts was estimated for all sites except the Emergency Department, where they were documented.
HIV 5 human immunodeficiency virus need for more detailed cost analysis, such as that conducted by Holtgrave et al. 18 Our analysis found that the yield and cost of HIV testing and patient risk varied by clinical site. These results suggest that testing procedures and results from one clinical site might not necessarily be extrapolated to other clinical sites, even within a single medical center. Findings from our site also might not necessarily be extrapolated to other medical centers and geographic locales. Implementing CDC recommendations for routine HIV testing in clinical sites should take into consideration local procedures and resources.
CONCLUSIONS
Despite thousands of HIV tests having been conducted at this urban medical center over the past few years, and a significant number of HIV-positive individuals having been identified, the numbers of patients tested represent a minority (,10%) of patients evaluated clinically in these sites. Thus, it is likely that there were patients at risk for HIV who were not offered testing due to personnel constraints. Our results indicate HIV testing should be focused on patients who are uninsured, are younger than age 55, are males who report same-sex intercourse, and patients who report a history of STD or sex with an HIV-positive person. Clinicians play a significant role in identifying people at risk for HIV, as demonstrated by the approximately one-third of all HIV-positive people who were identified by physician referral.
While it is important to offer HIV information and testing to all patients, if the main goal is to identify HIV-infected individuals, our results indicate that pragmatically, HIV testing should remain targeted until a feasible and resource-efficient system that preserves linkage to care is in place for testing all patients for HIV infection.
